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We, Servco Manufacturing Corpora- 
tion, a corporation organized and existing 
under the laws of the State of California, 
United States of America, of 2440, Cerritos 
Avenue, in the City of Long Beach, County 
of Los Angeles, State of California, United 
States of America, do hereby declare the in- 
vention, for which iwe pray that a patent may 
be granted to us, and the method by which 
it is to be performed, to be particularly de- 
scribed in and by the following statement: — 

This invention relates to a milling cutter 
for use m oil wells, and included in the objects 
of this invention are: 

First, to provide a milling cutter for use 
in oil wells which comprises a load-carrying 
member, covered on its work-engaging sur- 
faces with a matrix, in which is embedded 
cutting elements in the form of cemented 
carbide. 

Second, to provide a milling cutter for use 
in oil wells which may be mounted as a fixed 
longitudinally extending cutting rib internally 
or externally of a tubular body structure, or 
mounted on movable arms for use as cutting 
elements of an expansible milling tooL 

Third, to provide a milling cutter for use 
in oil wells wherein a rib core is covered at 
its radially extended edge and the leading 
side face with a matrix in which is bonded* and 
embedded a plurality of cutting elements 
formed of cemented carbide fragments. 

Fourth, to provide a milling cutter for use 
in oil wells wherein the rib core is formed of 
material such as steel or alloy steel or tough 
quality, which is capable of wearing away as 
the^ milling operation proceeds, and which is 
divided into segments so arranged that in 
the course of milling an annular member the 
axial depth of groove worn in the cutter is 
limited essentially to a single segment, there- 
by preventing a progressive increase in fric- 
tional resistance beyond 1 a predetermined point, 
so that the milling operation is not impaired, 
and permitting the entire length of the milling 
[Price 3s. 6d.] 
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cutter to wear away before renewal of the 
cutter is needed. 

With the above and other objects in view, 
as may appear hereinafter, reference is directed 
to the accompanying drawings, in which: 

Figure 1 is a side view of an expansible 
milling cutter with the milling teeth shown 
in their expanded position; 

^ Fig. 2 is an enlarged longitudinal sectional 
view through 2—2 of Fig. 1' showing one of 
the milling cutters and its supporting arm; 

Fig. 3 is a further enlarged transverse 
sectional view through 3 — 3 of Fig. 2; 

Fig. 4 is a fragmentary perspective view 
of a modified form of milling cutter with fixed 
external cutter teeth; 

Fig. 5 is a fragmentary sectional view 
through 5—5 of Fig. 6 showing a tubular 
milling cutter with fixed) internally directed 
teeth; 

Fig. 6 is an end view of the niilling cutter 
shown in Fig. 5; 

Figs. 7 and 8 are diagrammatic views, illus- 
trating the effect obtained by dividing the 
milling cutter core blades into segments. 

Reference is first directed to Figs. 1, 2, 
and 3. The construction here shown is an 
expansible mill, and this application is directed 
to the cutting elements per se. Thus, for the 
purposes of the present application, there is 
provided a body structure 1 in which is 
mounted a set of expansible cutter arms 2, the 
upper ends of which are supported! by bearing 
shafts 3 journaled transversely in the body 
structure 1. 

The lower or depending ends of the cutter 
arms 2 are widened and provided with longi- 
tudinally extending grooves 4. Three such 
grooves are shown. Each groove receives a 
cutter core blade 5 which is welded or brazed 
in place, as indicatedl by 6. The welding is so 
applied that the welding material may be 
melted to remove used cutter core blades or 
margined to free the blades, as desired. 

Each cutter core blade 5 is largest at its 
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lower end and diminishes in height towards its 
upper end. In addition, the radially protruding 
portion of the blade is divided by slots 7 into 
a plurality of segments 8; also the radially 

5 outer edges of the blade are relieved. 

The radially outer edges of the blades 5 
and the leading sides thereof, that is, the sides 
facing in the direction of rotation of the tool, 
are covered with a matrix 9 in which is em- 

10 bedded a large number of cutting elements 
or fragments 10. 

The cutting elements 10 are cemented 
carbide particles which have been shattered 
or formed into the desired shapes and selected 

15 as to size. Cutting fragments varying from 
3/64 inch to 1/4 inch (1.19 mm to 6.35 mm) 
are satisfactory. Each cutting element com- 
prises a plurality of carbide grains bonded by 
a cementing material, usually cobalt A repre- 

20 sentative list of the cemented carbides which 
may be used include the carbides of tungsten, 
molybdenum, chromium, vanadium, zircon- 
ium, titanium, uranium, tantalum, and 
niobium (columbium). 

25 It is preferred to use for the cutting element 
a cemented carbide particle having a Rock- 
well "A" hardness of 85 and above. Many 
of the commercially available cemented 
carbides are satisfactory. The principal com- 

30 mercial carbides are tungsten carbide in sl 
binder of cobalt, or alloys comprising princi- 
pally tungsten carbide with varying percent- 
ages of other carbides with cobalt as the 
principal binder. 

35 In the use of cemented tungsten carbide 
or its alloys, it is essential to use mono-tungsten 
carbide (WC) as distinguished from di-tung- 
sten carbide (W 2 C). W 2 C is extremely brittle 
and does not bond well, but instead is believed 

40 to form with the cobalt binder a brittle com- 
pound (possibly W 2 CCo 2 ), and therefore has 
poor shock resistance. It readily shatters and 
fails to maintain a cutting edge. Its presence, 
even in comparatively small' amounts, detracts 

45 from the quality of the cemented carbide. 

Conversely, WC has the desired hardness, 
and especially when properly bonded t or 
cemented with cobalt or other appropriate 
bonding alloys of cobalt exhibits superior 

50 shock resistance. When WC is heated to its 
melting point it decomposes into graphite and 
a liquid, the composition of which is not 
certain. This liquid solidifies as a mixture 
of WC and W 2 C with inclusions of the 

55 graphite formed when melted. It is therefore 
important that cemented carbides be used as 
opposed to cast carbides. 

It is desirable in mounting the cutting ele- 
ments on the shafts 3 within die body structure 

60 1 that the temperature be maintained below 
the melting point of the binder, in order to 
avoid injurious grain growth of the carbide 
grains and/or injurious dilution of the cement- 
ing material with the matrix. Thus a matrix 

65 is selected which has a melting point in the 



range between 1600° and 2450°F. (871° and 
1343°C.) and therefore comfortably below the 
melting point of the binder (2728°F. (1498°C.) 
for cobalt). 

A wide range of matrix, alloys, and! com- 70 
positions are suitable. Representative matrix 
materials include pure copper, copper-zinc 
alloys, copper-nickel alloys, copper-zinc-nickel 
alloys, copper-silicon alloys, and more complex 
alloys of copper which may include manganese, 75 
tungsten, iron, silver, cadmium, beryllium, 
cobalt, and other alloy metals of varying 
amounts. Also, many of the commercially 
available nickel-chromium-boron alloys are 
satisfactory. t 8U 

The desirable properties for the matrix 9 
are that the melting point be below the carbide 
binder; that the matrix wets the cemented 
carbide particles or cutting fragments 10; and 
that the matrix be tough, resilient, ductile, 85 
and wear-resistant so as to provide a good 
shock barrier or shock cushion for the cemented 
carbide particles or cutting fragments. 

While it is desirable to avoid undue heating 
of the cemented carbide fragments, it is also ™ 
desirable to maintain the matrix in a fluid 
state for a period of time to effect inter- 
granular penetration of the matrix into the 
binder. This may be accomplished at the time 
the matrix and cutting fragments are bonded 95 
to the blades 5, or may be acomplished pre- 
viously by casting the cutting fragments 10 
and matrix 9 together to form a rod or bar 
which may be used in the manner of a welding 
rod to lay the matrix and cutting fragments 100 
on the surfaces of the cutter core blades 5; 
in doing so, appropriate commercial fluxes 
may be used to ensure a firm bond between 
the matrix and me core blades. 

Reference is now directed to Fig. 4. In this 105 
construction, radially outwardly directed fixed 
cutting blades are shown. More specifically, a 
tool body 11 is provided on which are welded 
a plurality of cutter core blades 12 similar 
to the blades 5, except that in this case^ the 110 
blades are shown as uniform in radial width. 
Also some of the blades merge into pilot ribs 
13 of lesser radial depth to guide the nose 
of the tool into an annular member, such as 
tubing or casing, which is to be milled. 115 

As in the first described structure, the blades 
12 are provided with slots 14 to divide the 
blades into a series of segments 15. The 
radially outer edges and the leading sides of 
the blades 12 are provided with a matrix 120 
coating 9 and cutting fragments 10. 

Reference is now directed to Figs. 5 and 
6. In this construction, an annular or tubular 
body member 16 is shown which is provided 
with a series of radially inwardly directed 125 
cutter core blades 17. -These may be welded 
in the same manner as the previously described 
structures, and are divided by slots 18 into a 
series of segments 19. 

In the construction shown in Figs. 5 and 6, 130 
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the walls of the annular or tubular body mem- 
ber 16 are provided with a multiplicity of 
perforations which are filled with matrix 
and cemented carbide fragments 20. 
5 The internal blades 17 are covered on their 
radially inner edges and leading sides with 
the matrix coating 9 containing the cemented 
carbide cutting fragments 10. 
Operation of the milling cutter is as follows : 
10 In each of the constructions illustrated, the 
tool on which the cutters are mounted is 
rotated in a direction so that the face of each 
core blade 5, 12 or 17 bearing the cutting 
fragments constitutes the leading face. The 

15 tool in its various forms shown is intended 
primarily to mill well casing or drill pipe or 
tubing by engaging the end thereof. 

In the case of the construction shown in 
Figs. 1 through 3 and in Fig. 4, the lower end 

20 of the tool below the cutting blades compris- 
ing the core blades 5 or 12, matrix 9, and 
cutting fragments 10 enters in the casing or the 
like and guides the tool in its operation so that 
the end of the casing is milled. In the course 

25 of such operation, the cutting blades wear away 
exposing fresh cutting fragments. Due to the 
presence of the cutting fragments, the attri- 
tion of the blades is very much lower than 
the attrition of the casing or other iworkpiece 

30 within the hole engaged by the tooL 

With regard to the construction shown in 
Figs. 5 and 6, the tubular body 16 may fit 
over the drill string, or other fish contained 
in the well, so that the principal milling 

35 operation is accomplished by the internal ribs. 
However, the body itself with its cutting frag- 
ment-filled perforations also functions in case 
portions of the oil well' "fish" project radially 
from the main body of the fish. For example, 

40 the fish may be a tool bit or reamer with 
projecting cutters. In this regard, it shouldl 
be noted that the tungsten carbide fragments 
are capable of milling even the hardened cut- 
ting elements of rotary well took. 

45 Another use of the milling cutter, particu- 
larly the type shown in Fig. 4 but with the 
pilot end omitted, is the milling of a window 
in the side of a well casing with the coopera- 
tion of whipstock. 

50 Reference is now directed to Figs. 7 and 8. 
Each of the cutting blades have been disclosed 
as provided with a series of slots to divide 
the cutting blades into a series of segments. 
The slots may be filled with the matrix, or 

55 only partially filled with the matrix, or be free 
of matrix. The purpose of these slots or slits 
is to permit the radially outer portion of each 
segment (or radially inner portion, as the case 
may be) to break free as the blades wear away, 

60 as indicated in Fig. 7. This permits use of 
cutting blades having a substantial longitudinal 
dimension. 

In the end milling of the casing, such as the 
casing A shown in Figs. 7 and 8, the cutting 
65 rate on the casing, or the attrition rate of the 



cutter, is not the same for the radially inner 
and radially outer portions of the casing wall. 
For example, particularly with the type of mill 
shown in Fig. 4, the end of the casing tends to 
flare as indicated by B in Fig. 8. This may be 70 
due in part to lateral pounding of the pilot 
end of the mill within the casing. On the 
other hand, the mill shown in Fig. 1 tends to 
cause the upper end of the casing to swage 
inwardly as indicated by C in Fig. 8. In either 75 
case, whether the upper end of the casing 
tends to swage inward or flare outward and a 
solid blade is used, the friction increases and 
the cutting action decreases until a point is 
reached (roughly, when the depth of the slot 80 
in the millin g cutter is five to ten times the 
wall thickness of the casing) where further 
cutting becomes impractical. This requires re- 
moval of the tool and replacement of the 
cutting blades. 85 

If the length of casing or tubing milled is 
not unduly great, this is of no consequence. In 
fact, it is possible to mill from ten to fifty 
feet (3.05 M to 15.24 M) of casing, depending 
on the size and grade, without undue dim- 90 
culty. However, in the milling of high strength 
casing or drill pipe, this condition becomes 
quite unsatisfactory. 

By slitting the cutting blades, as indicated 
in the drawings, the radially outer portion of 95 
each segment drops away as the segment is 
severed so that the milling operation may con- 
tinue until' the entire cutting blade has been 
destroyed. Although there may be a slight 
in turning of the casing as it reaches the ex- 100 
tremity of one segment, the presentation of 
a free segment tends to correct this condition, 
so that the movement of the end of the casing 
as the blade segments iwear away is in the 
direction of the arrow D in Fig. 7, that is, 105 
parallel to the axis of the casing and tool 

Thus by extending the length of the cutting 
blades comprising the segmental core blade 
with its matrix and cutting fragment coating, 
it is possible to mill several hundred feet of no 
casing or drill pipe, should this be required. 

In each of the constructions illustrated, the 
cemented carbide particles are bonded to and 
supported by the matrix. The matrix, in turn, 
is bonded! to and supported by the core blade. 115 
Thus a rigid, high strength support is afforded, 
which enables each cutting fragment to per- 
form its cutting action until the fragment has 
become completely wom away. 
^ While particular embodiments of this inven- 120 
tion hare been shown and described, it is not 
intended to limit the same to the exact details 
of the constructions set forth, and it embraces 
such changes, modifications, and equivalents 
of the parts and their formation and arrange- 125 
ment as come within the purview of the 
ap pend ed claims. 

WHAT WE CLAIM IS: — 

1. A milling cutter for use in oil wells, 
comprising: a badly structure; a longitudinally 130 
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extending core blade secured thereto and pro- 
truding radially therefrom, said core blade 
being divided transversely into a plurality of 
segments, said core blade being capable of 

5 wearing away when subjected to attrition to 
present succeeding segments; a covering of a 
matrix, bonded to the leading side face and the 
radially extended edge of said core blade; and 
a plurality of cutting elements embedded in 

10 and bonded to said matrix. 

2. A milling cutter for use in oil wells as 
set forth in claim 1, wherein: a plurality of 
core blades are mounted on a common arm 
connected! to said body structure for limited 

15 radial movement. 

3. A milling cutter for use in oil wells as 
set forth in claim 1, wherein : said core blades 
are fixed directly to said body structure and 
are mounted externally thereof. 

20 4. A milling cutter for use in oil wells as 
set forth in claim 1, wherein: said body struc- 
ture is tubular and said core blades are fixed 
direcdy to the radially inner walls of said 
botfy structure and extend inwardly therefrom. 

25 5. A milling cutter, comprising: a support 
member arranged for rotation about a longi- 
tudinal axis in a preselected direction; an 
elongated core blade disposed longitudinally 
on said support member and extending radially 

30 therefrom, said blade having a plurality of 
transverse radially extending slits dividing 
said blade into a longitudinally extending 
series of segments; a multiplicity of cutting 
elements disposed on the leading side surface 



and the radially extended surface of said core 35 
blade; and a matrix bonded to said core blade 
and cutting elements; said core blade and 
matrix forming a support for said cutting ele- 
ments but having less attrition resistance, 
thereby to wear away as said blade is rotated 40 
in axially bearing relation with a workpiece 
and present succeeding cutting elements to the 
worlqriece. 

6. A milling cutter as set forth in claim 

5, wherein: said support member includes 45 
a body structure and a depending arm having 
limited pivotal movement to move the lower 
end thereof radially from said body member, 
and said core blade is secured to said arm. 

7. A millin g cutter as set forth in claim 50 
5, wherein: a plurality of said core blades are 
rigidly attached directly to and extendi radially 
outwardly from said support member. 

8. A milling cutter as set forth in claim 5, 
wherein: said support member is tubular and 55 
a plurality of said core blades are rigidly 
attached directly to the radially inner wall of 
said support member and extend radially 
inwardly therefrom. 

9. A milling cutter for use in oil wells sub- 60 
stantially as herein described with particular 
reference to the embodiments shown in the 
accompanying drawings. 

STEVENS, LANGNER, PARRY 
& ROLLINS ON, 
Chartered Patent Agents, 
Agents for the Applicants. 
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